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Executive Summary 
 
1. A segment analysis of Bergholz Creek was completed by personnel from The College at 
Brockport in conjunction with the Niagara County New York Soil and Water Conservation 
District. The study was undertaken following the recommendation of the report by 
Makarewicz et al. (2008) that the following group of watersheds be targeted for the 
identification of point and/or nonpoint sources of pollution using a process such as Stressed 
Stream Analysis: Eighteenmile, Jeddo, Bergholz, Tonawanda, and Keg Creeks.  
 
2. The Bergholz Creek watershed was sampled on 21 June 2011, 13 October 2011, 20 October 
2011, 30 November 2011, and 12 January 2012. The 21 June sampling date was completed 
under nonevent stream conditions while the remainder of the sampling was done during 
hydrometeorological events.  In total, 21 sites (Fig. 1) were sampled and over 64 water 
samples were analyzed for a total of 384 analyses of Bergholz Creek water for total 
phosphorus, soluble reactive phosphorus, nitrate, total nitrogen, sodium, and total suspended 
solids.  In addition, temperature, pH, dissolved oxygen, and specific conductance 
measurements were taken with a Hydrolab DS 5. 
 
3. Identified sources of soil, nutrients, and sodium within the watershed are summarized in 
Figure 2 in the text and detailed below. 
 
A . Headwater sites (sites 13 and 14): Sites 13 and 14 in the headwaters of Bergholz 
Creek are surrounded by land in agriculture and are contributing large amounts of total 
phosphorus (TP), total nitrogen (TN), nitrate, and total suspended solids (TSS) to 
Bergholz Creek. Site 13 is characterized by upland agricultural areas which drain through 
a sizable scrub forest before reaching the sampling site on Baer Road (Fig. 18).  Despite 
this tributary appearing to be well buffered by trees, site 13 had two of the three highest 
TP concentrations observed over the entire study, had the highest ranking TSS 
concentration on three of the four stream events sampled, and possessed the highest TSS 
concentration during the entire study. Total nitrogen and nitrate were also elevated at site 
13 especially during the event sampled on 13 October 2011 
 
Site 14 on Shawnee Road drains a portion of the watershed that is nearly entirely in 
agriculture (Fig. 19).   Agricultural practices appear to have resulted in loss of total 
nitrogen and nitrate to the tributary at site 14.  Site 14 had the highest ranked (elevated) 
TN concentration on both events sampled during October of 2011.   This included a 
10.21 mg N/L concentration on 13 October 2011 which was 37% higher than the next 
highest TN concentration observed over the entire study. Similarly, the nitrate 
concentration (9.37 mg N/L) during that same event at site 14 was 70% higher than the 
second ranked (elevated) nitrate concentration over the entire study period. Total 
suspended solids were also elevated during both events sampled during October of 2011. 
It is recommended that the agricultural operations in these areas of the Bergholz Creek 
watershed undertake some Best Management Practices (BMPs) that primarily focus on 
the loss of soil and nutrients.  
 
B. Site 6 on Niagara Road: The site 6 area is on the eastern border of the Hamlet of 
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Bergholz and is a transition area between the urban sprawl that characterizes the western 
downstream portion of the Bergholz Creek watershed and the highly agricultural areas in 
the upper portions of the watershed. Niagara Road consists of single family homes inter-
dispersed among legacy farming operations.  Site 6 drains a small portion of the 
watershed where farms exist (Fig. 20). Sites 6 and 6A tributary water consistently ranked 
among the highest in TP, soluble reactive phosphorus (SRP), TN, nitrate, and TSS 
concentrations observed for all of the events sampled; during event conditions, this area 
consistently delivered exceedingly high concentrations of nutrients and soil to Bergholz 
Creek. Furthermore, the winter wheat field between site 6 and site 6A on the east side of 
the tributary was identified as the field contributing the most nutrients and soil to 
Bergholz Creek in this area. The farms in this area have most likely been in operation for 
generations and presumably have enriched the soils continuously over that period of time. 
Unfortunately, the erosive forces of overland flow are sweeping that soil and nutrients 
into Bergholz Creek. It is recommended that soil nutrient levels be tested and nutrient 
management plans be developed to take advantage of the nutrients already available to 
crops and to stop any over fertilization that may be occurring.  
 
C. Site 9 on Lockport Road: Site 9 on Lockport Road drains a portion of the Bergholz 
Creek watershed that is almost entirely in agriculture and has been identified as a source 
of nitrogen to the Creek (Fig. 21). Site 9 had the highest concentration of nitrate during 
two of the four events samples (4.48 mg N/L on 10/20/11 and 3.09 mg N/L on 11/30/11) 
as well as the highest total nitrogen concentration on 30 November 2011 at 4.09 mg N/L. 
The area that site 9 drains includes areas northwest of Baer Road (Fig. 21), but no surface 
stream channel crosses Baer Road, presumably due to the use of drain tiles  facilitating 
the surface flow underground. Nutrient management plans, especially ones that mitigate 
the loss of nitrogen, should be adopted by agricultural operations in this area.   
 
D.  Site 7 on Ward Road: The area of the Bergholz Creek watershed between site 9 on 
Lockport Road and site 7 on Ward Road is characterized by agricultural land use (Fig. 
22). The agricultural area between these two sites is a source of TP to Bergholz Creek. 
Although site 7 never ranked among the highest concentrations of TP during events, TP 
increased an average of 129% from site 9 downstream to site 7 during the three events 
where both sites were sampled. The highest contribution of this area of the watershed was 
during the 13 October 2011 event where TP increased from 82.1 µg P/L at site 9 to 358.0 
µg P/L at site 7, a 336% increase. Nutrient management plans, especially ones that 
mitigate the loss of phosphorus, should be adopted by agricultural operations in this area.  
 
E. Site 12 BOCES Entrance on Saunders Settlement Road: Site 12 primarily 
represents runoff from the BOCES campus on Saunders Settlement Road that is 
characterized by large tracts of impervious surfaces (Fig. 23). On the two October 2011 
events, the concentrations of sodium were highest at site 12. Presumably, this is an 
artifact of deicing salt that is utilized during the winter seasons and is dissolved and 
transported to Bergholz Creek during precipitation events. Similarly, some slightly 
elevated levels of sodium were found at Site 10 on Raymond Road which is downstream 
of the Niagara County Community College campus (Fig 24).  At present, there are no 
health-based standards for sodium or chloride under the Federal Safe Drinking Water 
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Act.  Similarly, there are no formal sodium maximum contaminant levels set for sodium 
in surface water.   Levels over  20 mg/L of sodium in drinking water  are considered 
inappropriate for individuals on a restricted sodium diet.  The overall concern of rising 
sodium levels is progressive increase in freshwater bodies over time.  
 
F. Urban Sites (Site 1 and Site 2): The urban areas of the watershed are represented by 
site 1 on Williams Road and site 2 on Plaza Drive. These sites had consistently elevated 
sodium and nutrient concentrations throughout the study. Although sources of nutrients 
and soil have been identified throughout the entire Bergholz Creek watershed, which is 
useful for targeting and prioritizing remediation efforts, it is important to note that the 
sources have a cumulative effect on the overall downstream water quality of Bergholz 
Creek and the amount of nutrients and soil that is delivered to the Niagara River and Lake 
Ontario.  
 
4. Relationship between total suspended solids and total phosphorus: In the Bergholz Creek 
watershed, a strong statistically significant relationship existed between TSS and TP (r2 = 0.78).  
This suggests that field and possibly stream bank erosion are removing soil containing 
phosphorus from the land and discharging it into the creek during rain events.  If BMPs (e.g., 
buffer strips, grassed waterways) are implemented to slow down overland flow, soil erosion 
and thus phosphorus loss from the watershed will be reduced and the water quality of Bergholz 
Creek will benefit.  
 
5. Soil Nutrients Levels: Where agriculture was identified as a local cause of elevated nutrients 
or soil loss, a soil testing program, if not already in progress, should be instituted in row crop 
areas to determine the need for fertilization.   Such a program should consider using the P and 
N-Index developed by Cornell University that considers credits from manure use.   Fertilizer 
should not be used as an insurance program to maintain crop yields.   At Conesus Lake, farmers 
were able to reduce fertilizer use and maintain corn yields, saving thousands of dollars (Jacobs 
2006a and b).  Also, articles titled “Nine Tips to Manage N Better” (Czymmek 2006) and 
“How Much P is Enough” (Ketterings and Czymmek 2005) provide a useful review of nutrient 
management issues that are applicable to the Bergholz Creek watershed.   The stakeholders of 
the Bergholz Creek watershed should review the BMP section of this report which provides 
scientifically tested implementations that have improved stream water quality by  successful 
reductions of nutrient and soil loss.  
 
6. Alternate Approaches:  There is growing interest in New York State in developing TMDLs 
(Total Maximum Daily Loads) for watersheds often targeting a concentration of 45 µg P/L.   
Such an approach, if done properly, allows informed management decisions on where to apply 
management practices that provide the largest improvement to stream water quality. We 
recommend that a Soil Water and Assessment Tool (SWAT) model that utilizes at least one 
annual cycle of monitored discharge, nutrients and soil loss be used to develop a TMDL for 
each watershed.   Such an approach, if used, is best implemented if the users are fully versed in 
using the model.   Segment analysis serves the purpose of identifying actual nutrient and soil 
sources with a watershed.  Bergholz Creek routinely exceeds a total phosphorus concentration 
of 45 µg P/L and would be a viable candidate watershed for the development of a TMDL 
targeting phosphorus.  
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Introduction 
 
 Located in the northwest corner of New York State, Niagara County is bordered by Lake 
Ontario to the North, Tonawanda Creek to the South, Orleans County to the East, and the 
Niagara River to the West. Water resources play a vital role in the economic viability of this 
region especially in terms of recreation, tourism, and industry. According to the 1990 census, 
over 70% of the county’s 220,756 residents live in urban areas on the county’s 523-square mile 
land area. A large percentage of land use is in agriculture, including fruit trees, row crops, and 
vineyards. The close proximity to Lakes Erie and Ontario has an impact on climate patterns 
(including rainfall and lake effect snow), moderating the temperature extremes of the region 
which allows for the production of a diverse variety of crops. 
 Freshwater resources have historically played an instrumental role in community 
development and economic sustainability. As stated in the New York Ocean and Great Lakes 
Ecosystem Conservation Act, coastal ecosystems are critical to the state’s environmental and 
economic security and integral to the state’s high quality of life and culture. Healthy coastal 
ecosystems are part of the state’s legacy, and are necessary to support the state’s human and 
wildlife populations….”  Similarly, the Bergholz Creek watershed in Niagara County plays an 
important role in the economy, has aesthetic value, and provides diverse opportunities for those 
who enjoy the resource directly. A major thrust of the county's tourism industry is predicated on 
the availability of high quality water resources and angling opportunities in the Niagara River, 
nearshore Lake Ontario and its other tributaries. Needless to say, agriculture also has a major 
economic impact in Niagara County; loss of important resources, such as soil and nutrients, from 
a watershed is of concern to the landowner and the Soil and Water Conservation District.  
Remediation and protection of these resources depend largely on the identification of both the 
cause and effect of elements likely to reduce their economic and social value (Makarewicz and 
Lewis 2000). 
 In recognition of the need to acquire a uniform, organized approach in addressing surface 
water degradation and given the diverse nature of nonpoint sources of pollution within the 
County, the Soil and Water Conservation District formed a committee known as the Niagara 
County Water Quality Coordinating Committee (WQCC).  Since little was known about the 
environmental status of other major creeks in Niagara County, the WQCC recommended a study 
to evaluate nutrient and soil loss from 17 watersheds and their creeks.  The purpose of the 
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monitoring program was to collect water quality data to quantify the concentration and loading 
of nutrients and suspended sediments transported from 17 Niagara County creeks to the Niagara 
River and Lake Ontario and to evaluate the health of the creeks and their impact on Lake 
Ontario. In addition, the data serve as a database to make informed water quality management 
decisions, including the development of a watershed management plan, and as a benchmark of 
discharge and nutrient data to measure the success of future remediation efforts and to suggest a 
priority listing of water quality goals (Makarewicz et al. 2006).   Starting in August 2003, the 
Niagara County Soil and Water Conservation District (NCSWCD) monitored Eighteenmile 
Creek for two annual cycles.  The purpose of the monitoring program was to collect data needed 
to accurately characterize the water quality in the creek and to quantify the concentration and 
loading of nutrients and suspended sediments transported from Eighteenmile Creek to Lake 
Ontario. A conclusion was that Eighteenmile Creek value was delivering high amounts of 
phosphorus to Lake Ontario. Eighteenmile Creek lost an annual average of 33 metric tons of TP 
during the two-year monitoring period.  In a similar fashion, Twelvemile Creek was evaluated in 
2000 (Makarewicz and Lewis 2000a). 
 One of the priority recommendations from the Makarewicz et al. (2008) report was that 
the following group of watersheds be targeted for the identification of point and/or nonpoint 
sources of pollution using a process such as Stressed Stream Analysis/Segment Analysis: 
Eighteenmile, Jeddo, Bergholz, Tonawanda, and Keg Creeks. A stressed stream or segment 
analysis of the Eighteenmile Creek watershed was completed by The College at Brockport and 
the NCSWCD in 2010 (Makarewicz and Lewis 2010).   This study follows the 2008 list of 
recommendations by targeting the Bergholz Creek watershed to identify point and nonpoint 
sources of pollution using segment analysis.  
 
Site Location 
 Bergholz Creek is a 7,800 acre watershed located in the southwest corner of Niagara 
County (Fig 1).  A portion of the urban area in the southern portion of the Town of Wheatfield 
also drains into Bergholz Creek, through Sawyer Creek and Black Creek.  These creeks have 
been modified during the urbanization of the area and the exact drainage area from these two 
sources could not be precisely identified, but could potentially contribute another 2,500 acres of 
drainage area to Bergholz Creek. 
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Bergholz Creek water flows into Cayuga Creek and eventually into the Niagara River and Lake 
Ontario The base site (Site 1 on Williams Road), the same site selected by Niagara County 
SWCD personnel during the 2010 study, was located slightly upstream of Bergholz Creek’s 
mouth to avoid the back flow of high levels of water from Cayuga Creek and the Niagara River 
(Fig. 1). 
 
Methods 
Segment Analysis: Point and nonpoint sources of nutrients, soils, and salts within a watershed 
may be identified through a process called “segment analysis” or in its fullest development 
“stressed stream analysis” (Makarewicz 1999). Stressed stream analysis is an integrative, 
comprehensive approach for determining the environmental health of a watershed and its 
constituent streams. Within a subwatershed, stressed stream analysis is an approach for 
determining how and where a stream and its ecological community are adversely affected by a 
pollution source or other disturbances. It is a technique that identifies the sources, extent, effects, 
and severity of pollution in a watershed.  In its fullest use, it combines elements of the sciences 
of hydrology, limnology, ecology, organismal biology, and genetics in an integrated approach to 
analyze cause-and-effect relationships in disturbed stream ecosystems.  
 Within a subwatershed, the stream is used to monitor the "health" of the watershed.  
Because nutrients are easily transported by water, they can be traced to their source by 
systematic geographic monitoring of the stream. Segment analysis is a technique that divides the 
impacted subwatershed into small distinct geographical units.  Samples are taken at the 
beginning and end of each unit of the stream to determine if a nutrient source occurs within that 
reach.  For example, high levels of a nutrient at the downstream portion of a segment indicate a 
source within that segment.  By systematically narrowing the size of the segment, a source can 
be identified. At completion, the cause and extent of pollution have been identified.  If needed, 
the severity of the pollution within the impacted subwatershed and/or the entire watershed can 
then be evaluated by spatial analysis of the quantity and quality of biological indicators, such as 
fish and invertebrates, and by biological examination of structural and functional changes in 
individual organisms and populations in affected communities. Once identified, sources of 
chemical pollutants may be corrected using "Best Management Practices" (BMPs).  Examples of 
the successful application of the segment analysis process in identifying impacted subwatersheds 
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and their associated streams may be found in Makarewicz and Lewis (1993, 2000b, 2001, 2001a, 
2002, 2002a) and Makarewicz et al. (1994).  In this report, stressed stream analysis is limited to a 
segment analysis of chemical sources in the Bergholz Creek watershed.   
 
Water Sampling and Chemistry:  Following the “segment analysis” approach, water samples 
were taken spatially over a one-year period on five dates (21 June 2011, 13 October 2011, 20 
October 2011, 20 November 2011 and 12 January 2012) during or just after rainfall periods (with 
the exception of 21 June 2011) over the entire Bergholz Creek watershed (Fig. 1).  In total, 21 
sites (Table 1) were sampled at least once and over 64 water samples were analyzed for chemical 
analysis (384 total analyses).  Initial site selection was accomplished by sampling at major 
bifurcations of streams.  After the initial selection of sites, sites were picked based on previous 
results systemically attempting to locate a source as described above. In addition, a Hach 
Hydrolab DS5 multisonde probe was used to monitor the in-situ water quality parameters of 
temperature, specific conductance, pH, and dissolved oxygen at all 64 sampling sites. The 
Hydrolab is equipped with a luminescent dissolved oxygen probe, a conductivity probe, pH 
probe, a fluorometer for chlorophyll a, phycocyanin probe, and a temperature thermistor. Field 
instruments were maintained and cleaned following the manufacturer’s instructions after each 
sampling trip.  
 Water samples were collected, preserved, and analyzed using approved standard 
methodologies (APHA 1999). Samples were analyzed for TP and SRP (APHA Method 4500-P-
F) (on ice in the field, digest immediately, or add H2SO4 to a pH <2 upon arrival to the 
laboratory), TN (APHA Method 4500-N-C) (on ice in the field), nitrate + nitrite (nitrate) (APHA 
Method 4500-NO3-F) (filter with a 0.45-µm filter and on ice in the field analyze within 24 hours 
or add H2SO4 to a pH <2 upon arrival to the laboratory), sodium (APHA 3111B) (filter with a 
0.45-µm filter and on ice in the field, HNO3 to a pH <2 upon arrival to the laboratory), and TSS 
(APHA Method 2540D) (on ice in the field). 
Quality Control/Quality Assurance:  Water samples were analyzed at the Water Chemistry 
Laboratory at The College at Brockport, State University of New York (NELAC – EPA Lab 
Code # NY01449).  In general, the NELAC certification program includes biannual proficiency 
audits and annual inspections and documentation of all samples, reagents, and equipment under 
good laboratory practices.  All quality control (QC) measures are assessed and evaluated on an 
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on-going basis.  As required by NELAC and New York’s ELAP certification process, method 
blanks, duplicate samples, laboratory control samples, and matrix spikes are performed at a 
frequency of one per batch of 20 or fewer samples.  Field blanks (events and nonevents) are 
routinely collected and analyzed.  Analytical data generated with QC samples that fall within 
prescribed acceptance limits indicate the test method was in control.  For example, QC limits for 
laboratory control samples and matrix spikes are based on the historical mean recovery plus or 
minus three standard deviations.  QC limits for duplicate samples are based on the historical 
mean relative percent difference plus or minus three standard deviations. Data generated with 
QC samples that fall outside QC limits indicate the test method was out of control.  These data 
are considered suspect and the corresponding samples are either reanalyzed or the results flagged 
with an appropriate explanation.  As part of the NELAC certification, the lab participates semi-
annually in proficiency testing program (blind audits, Table 2) for each category of ELAP 
approval.  If the lab fails the proficiency audit for an analyte, the lab director is required to 
identify the source and correct the problem to the satisfaction of the certification agency. 
Results 
GENERAL STREAM PHYSICAL AND CHEMICAL CHARACTERISTICS (Table 3)  
Temperature: Creek water temperature fluctuated widely as would be expected from a study 
that encompassed three seasons (summer, fall, and winter). The water temperature of Bergholz 
Creek ranged from 3.84 °C to 24.52 °C during the study. The coldest water temperatures were 
recorded during the 12 January 2012 sampling date (mean = 4.74 °C) while the warmest 
temperatures were observed on 21 June 2011 (mean = 21.15 °C).  
Specific Conductance: Specific conductance in Bergholz Creek ranged from 181to µS/cm to 
1398 µS/cm over the study period. The average specific conductance by sampling date was 918 
µS/cm on 21 June 2011, 621 µS/cm on 13 October 2011, 495 µS/cm on 20 October 2011, 339 
µS/cm on 30 November 2011, and 428 µS/cm on 12 January 2012.  The range of specific 
conductance in potable water in the United States ranges from 50 to 1500 µS/cm and Bergholz 
Creek falls in the middle of that range (APHA 1999). 
pH:  The mean pH by sampling date was 7.48 on 21 June 2011, 7.38 on 13 October 2011, 7.35 
on 20 October 2011, 7.41 on 30 November 2011, and 7.52 on 12 January 2012. The range of pH 
over the study period was a minimum of 6.65 at site 14 on 20 October 2011 to a maximum of 
7.80 at site 1 on 12 January 2012.  
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Dissolved Oxygen: Dissolved oxygen ranged from 2.3 mg/L at site 1 on 13 October 2011 to 
10.5 mg/L at sites 2B2 and 2B3 on 12 January 2012. There were five instances where dissolved 
oxygen levels were below 5 mg/L: 3.6 mg/L at site 1 on 21 June 2011, 2.3 mg/L at site 1, 3.8 
mg/L at site 2, 4.7 mg/L at site 4, and 3.7 mg/L at site 14 on 13 October 2011. Dissolved oxygen 
levels that fall below 5 mg/L begin to have health impacts on fish and other aquatic biota.  
 
SEGMENT ANALYSIS CHRONOLOGY 
21 June 2011 (Table 4, Figs. 3-5) 
 On 21 June 2011 an initial segment analysis was performed on Bergholz Creek during 
nonevent stream conditions. After an unusually wet early spring, June 2011 was relatively dry 
with only 0.68 inches of rain through June 21st. Prior to the sampling date there has only been 
0.04 inches of rain in the previous five days. Fifteen initial sites were visited on Bergholz Creek 
on 21 June, but water was present and flowing in only eight (Table 4, and Fig.1) of the sites due 
to the dry weather conditions. The sample sites were chosen to segment the Bergholz Creek 
watershed to begin the process of identifying sources of nutrients and soil to the creek. “Main” 
stem creek locations sampled were sites 1, 2, 8 and 11, while tributary sites were sites 6, 7, 9 and 
10. 
 In general on 21 June 2011, phosphorus increased from the upland portions of the 
watershed to downstream stations. Total phosphorus in the headwaters increased from 68.7, 38.8, 
and 65.6 µg P/L at sites 9, 11, and 10, respectively, to 126.7 and 159.2 µg P/L at downstream 
main stem sites 2 (Plaza Drive)  and 1 (Williams Road) near the mouth of Bergholz Creek. 
Soluble reactive phosphorus followed a similar pattern with lower headwater concentrations of 
14.1 (site 11), 42.7 (site10), and 2.5 µg P/L (site 9) compared to downstream sites 2 and 1 with 
SRP concentrations of 88.1 and 90.0 µg P/L.  On the main stem of the creek, the largest increase 
of phosphorus occurred between the main stem sites 11 and 8 where the concentration of TP 
increased by nearly a factor of 2 and between main stem sites 8 and 1 where the concentration 
SRP increased by a factor of 3. 
 Conversely, the nitrogen parameters (TN and nitrate) had the opposite pattern during the 
nonevent conditions on 21 June 2011.  The highest concentrations of nitrate were observed in the 
headwater tributaries and the uppermost portions of the main stem (site 9, 3.01 mg N/L on 
Lockport Road; site 11, 1.94 mg N/L) of Bergholz Creek rather than near the mouth of the creek. 
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Similarly, TN was also highest at site 9 (3.31 mg N/L) followed by 2.17 mg N/L at site 11 on 
Raymond Road.  A source of nitrogen existed in these upstream portions of the watershed.  At 
site 1 near the mouth of Bergholz Creek, nitrate had the lowest observed concentration on 21 
June 2011 (0.16 mg N/L) while TN was still relatively high (1.08 mg N/L).  
 Total suspended solids were variable and ranged from a low of 4.9 mg/L at site 11 in the 
headwaters of Bergholz Creek to a high of 57.4 mg/L at site 8 on Ward Road.   Other notable 
relatively high concentrations of TSS were 25.6 mg/L and 27.9 mg/L at sites 1 and 2 near the 
mouth of Bergholz Creek and 28.0 mg/L at site 9 on Lockport Road, one of the headwater sites. 
Sodium was very high at tributary site 10 on Raymond Road at 156.60 mg/L, more than double 
the concentration found at any other Bergholz Creek site on 21 June. Sodium concentrations 
were also elevated at main stem sites 8, 2, and 1at 72.39 mg/L, 54.77 mg/L, and 50.65 mg/L, 
respectively.  
 
13 October 2011 (Table 4, Figs. 6-8) 
 Thirteen samples were taken from Bergholz Creek under event conditions on 13 October 
2011 after 0.68 inches of rain fell on the watershed the day prior to sampling.  Sites 1, 2, 8 and 
11 were all main stem creek sites. All other sites were tributaries or ditches running into the main 
stem of the creek. 
Phosphorus: 
 During this event, TP levels were highest at two locations: site 13 – a headwater 
tributary, and site 2 – a main stem site near the mouth of the creek. Sites 13, 14, 11, 10, and 7, all 
headwater tributaries or upper reaches of the main stem, had TP concentrations exceeding 140 
µg P/L.  Specifically, site 13 on Baer Road had the highest TP concentration (847.4 µg P/L) on 
this sampling date.   Other notable elevated concentrations of TP were found at a tributary (site 6 
on Niagara Road, 397.9 µg P/L) in the lower portion of the watershed and a cluster of elevated 
concentrations near the mouth at main stem sites 1 (208.9 µg P/L) and 2 (622.5 µg P/L) and 
nearby tributary site 4 on Niagara Falls Boulevard (313.7 µg P/L).  
 The highest concentrations of SRP were observed at sites 2 (451.0 µg P/L) and 4 (259.8 
µg P/L).  However, site 4 is a roadside drainage area with very little flow - at least on this date.    
Another source of P is located in this lower portion of the watershed.   From main stem site 8 to 
main stem site 2 on Bergholz Creek, a 489% increase in SRP was observed on 13 October 2011. 
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Since most of the TP found was as dissolved phosphorus (72%)  at site 2 compared to headwater 
streams 13 and 14 (never exceeded 24% of TP),  a different P source is suggested for the upland 
tributaries and the downstream main stem sites.  
Nitrogen: 
The highest nitrate and TN concentrations were found, as TP, in the headwaters of Bergholz 
Creek during event stream conditions at site 14 on Shawnee Road (nitrate, TN: 10.21, 9.37 mg 
N/L) and site 13 on Baer Road (5.82, 4.13 mg N/L). A relatively small tributary on Niagara Road 
(site 6) had the second highest concentrations of TN (7.44 mg N/L) and nitrate (5.51 mg N/L). 
Total nitrogen at sites 4 and 5 were relatively high (~ 1mg N/L) compared to nitrate levels (0.06 
mg N/L), suggesting a greater presence of ammonia or organic nitrogen in the water than at other 
sites. Total nitrogen remained relatively elevated to near the mouth of Bergholz Creek at site 1 
on Williams Street (2.25 mg N/L), while nitrate decreased to a concentration of 0.62 mg N/L at 
site 1.  
Total suspended solids: 
 As with nitrogen and TP, headwater site 13 on Baer Road and site 14 on Shawnee Road 
had high concentrations of TSS (160.5 mg/L, 52.7 mg/L, respectively).   Site 6 (Niagara Road), 
which also had elevated levels of TP, SRP, TN, and nitrate, had a high TSS concentration of 65.0 
mg/L.   Site 7, a headwater tributary to the main stem of the creek, also had elevated levels of 
TSS (and TP and SRP), suggesting a source(s) in this subwatershed.  These three sites also had 
the highest concentrations of TP which suggests that the soil that is being swept off the land by 
precipitation in these areas contains high levels of phosphorus.  
Sodium: 
 Sodium ranged from 9.19 mg/L at site 6 on Niagara Road to 138.36 mg/L at Site 12 
which is near the driveway of a BOCES center. There is also a suggestion of remnants of de-
icing salt being swept from the watershed, as the urban areas of the watershed (site 1 at Williams 
Road: 62.55 mg/L; site 2 at Plaza Drive:  59.11 mg/L) as well as the large areas of impervious 
parking lots at the BOCES center (site 12, 138.36 mg/L) had the highest sodium concentrations, 
while the agricultural sites had much lower sodium concentrations (site 6:  9.19 mg/L, site 13:  
12.49 mg/L, site 14: 19.89 mg/L).  
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20 October 2011 (Table 4, Figs. 9-11) 
 Nearly an inch (0.76”) of rain fell on the watershed on the day prior and during sampling 
on 20 October 2011. Seventeen samples were taken within the Bergholz Creek watershed during 
event conditions. Four additional sites were added along the main stem of Bergholz Creek to 
reduce the segment size and further identify sources of nutrients and soil from the watershed. 
Sites 2A, 2B, and 2C were added between site 2 on Plaza Drive upstream to site 8 on Ward 
Road. Site 8A on Lockport Road was also added upstream of site 8 on Ward Road . 
 As previously stated, headwater tributaries (sites 13 and 14) had high concentrations of 
TP, SRP, TSS, TN, and nitrate.  Erosion at these sites was evident as site 13 on Baer Road had 
the highest TSS concentration (322.0 mg/L) followed by site 14 on Shawnee Road (175.6 mg/L). 
 Site 13 on Baer Road had the highest concentration of TP at over 1 mg P/L (1,089.8 µg P/L) and 
as on previous sampling dates  also the highest concentrations of suspended solids (322.0 mg/L), 
third highest TN concentration (4.60 mg N/L), and elevated levels of nitrate (2.16 mg N/L).  Site 
14, another upland tributary, had the highest TN (6.87 mg N/L) and nitrate (4.31 mg N/L) 
concentrations and elevated TP concentrations (515.4 µg P/L). The area of the Bergholz Creek 
watershed that Site 14 drains is nearly entirely in agriculture.  
 In another agricultural area from site 9 on Lockport Road downstream to site 7 on Ward 
Road, TP increased 38% from 357.7 µg P/L to 494.6 µg P/L, while SRP ( >157.9 µg P/L), TN 
(3.12 to 6.60 mg N/L), and nitrate (4.48 mg N/L at Site 9 only)  were generally  high at both 
sites.   Another consistent source of phosphorus and nitrogen to Bergholz Creek is the 
agricultural area upstream of site 6 on Niagara Road which had the second highest concentration 
of TP at 658.3 µg P/, highest soluble phosphorus concentration at 319.2 µg P/L, and elevated 
levels of TN (5.99 mg N/L) and nitrate (3.05 mg N/L).  
 In the quest to pinpoint the source(s) of phosphorus between site 8 on Ward Road and site 
2 on Plaza Drive, the addition of sampling sites provided some insight. Downstream of main 
stem site 8A on Lockport Road, SRP increased along the main stem sites to a high of 279.2 µg 
P/L at the most downstream site 1.  Total phosphorus followed a similar pattern.  The largest 
increase of  TP (38%), SRP (16%), and TSS (69%) occurred between main stem sites 2A on 
Niagara Road and 2B or 2C on Rohr Road which suggests that the source of phosphorus and 
TSS is in that reach of Bergholz Creek. Additional sampling dates and sites will be required to 
pinpoint the source.  
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 Site 12 draining the BOCES campus had the lowest concentrations of  TN (1.58 mg N/L) 
and nitrate ( 0.04 mg N/L), but  sodium levels were elevated at site 12 (BOCES driveway) and 
site 11 on Raymond Road at 90.31 and 61.00 mg/L, respectively. Overall, sodium ranged from 
9.16 to 90.31 mg/L throughout the watershed, with low concentrations in headwater and small 
tributary areas (sites 14, 13, and 6) and generally higher concentrations in the more urban areas 
(sites 1, 2, 2A, 2B, 4, and 5) and the areas draining large parking lots (site 12).  
 
30 November 2011 (Table 4, Figs. 12-14) 
 Sixteen sites were sampled in the Bergholz Creek watershed on 30 November 2011 under 
event conditions (1.26” of rain in the four days leading up to sampling). Two additional sites 
(2B1 and 2B2) were added between sites 2C on Niagara Road and site 2B on Rohr Road to help 
identify sources of nutrients and soil loss to the Bergholz Creek watershed.  
 Previously identified sources were confirmed during the 30 November 2011 sampling. 
Total phosphorus was relatively consistent in the entire Bergholz Creek watershed on 30 
November 2011 with all but two sites having concentrations between 320 and 480 µg P/L. As 
before, elevated TP and TN concentrations were observed at the upland tributary sites 13 and 14 
and the lower reaches of the main stem creek (sites 1 though 2C).  Nitrate and TSS were again 
observed to be elevated at agricultural sites 9 and 14 but not at site 13.  In general, TN and TSS 
were elevated along the entire main stem of the creek with concentrations generally above 2.5 
mg N/L and 110 mg/L, respectively.  Sodium was generally relatively low (<15 mg/L) in the 
entire watershed.   Only at site 10 on Raymond Road (54.53 mg/L) and the site directly 
downstream of this site, site 8A on Lockport Road (59.73 mg/L), were sodium levels high. It is 
possible that the campus of Niagara County Community College (NCCC) and its parking lots are 
influencing the sodium levels at this site in a similar fashion as that of site 12 downstream from 
the BOCES campus.  
  The additional sites in the Niagara Road area helped but did not definitively identify the 
source of phosphorus in the site 2B series area. Between site 2C on Niagara Road and site 2B2 
on Hunt Street reach of the main stem creek, an 18% increase of TP (403.4 to 477.6 µg P/L) and 
a 21% increase of SRP (83.3 to 101.1 µg P/L) were observed. The small tributary at site 6 does 
flow into the main stem in this reach, but the phosphorus concentrations at site 6 were nearly 
identical to the values observed at site 2B2; site 6 seemed unlikely to be the sole cause of the 
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Site 13, showing very turbid water and the scrub forest. 
increase.  
  
12 January 2012 (Table 4, Figs. 15-17) 
 Ten sites were sampled during two days of rain and snow (0.54 inches) on 12 January 
2012. The major objective of this sampling trip was to definitively identify the source of 
phosphorus in the site 2B series specifically between site 2C on Niagara Road and site 2B2 on 
Hunt Street. To accomplish this, additional sites were selected to isolate the input of water from 
the site 6 tributary drainage into the main stem of Bergholz Creek. Samples were taken at the 
mouth of the site 6 tributary (site 6A) and on the main stem of Bergholz Creek upstream from the 
site 6 tributary outfall (site 2B3).  
 The source of phosphorus to the 2A- 2C reach of Bergholz Creek was identified.  
Tributary site 6 was sampled at Niagara Road and also approximately 0.5 km downstream just 
before the small tributary enters the main stem of Bergholz Creek at site 6A.   Within the 0.5-km 
distance from site 6 to site 6A, the water volume of this small tributary increased perceptibly and 
TP increased 105%  (745.2 µg P/L to 1530.6 µg P/L) and SRP increased 484% (83.8 µg P/L to 
488.8 µg P/L).  Total nitrogen was also highest in the site 6 series with site 6A at a concentration 
of 4.91 mg N/L and site 6 at 3.39, a 45% increase. Nitrate was also high at site 6 at a 
concentration of 1.55 mg N/L.   Sites 6A and 6 also had the highest two concentrations of TSS 
(304.7 and 302.0 mg/L, respectively) observed on this date; site 13 was also elevated at a 
concentration of 227.3 mg/L. 
Numerous drain tile outlets were 
entering the tributary between sites 6 
and 6A from the adjacent winter 
wheat field to the east of the tributary 
provided 
 Sodium was once again low at 
site 6 (8.14 mg/L) and stayed low to 
site 6A (9.01 mg/L). The highest 
sodium concentration was observed at 
site 8A on Lockport Road (63.00 
mg/L) reflecting the use of deicing salt. 
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Site 6, showing very turbid water and a farm in the background. 
Summary and Discussion (Fig. 2) 
Headwater sites (sites 13 and 14) 
 Sites 13 and 14 in the headwaters of Bergholz Creek are surrounded by land in 
agriculture and are contributing large amounts of TP, TN, nitrate, and TSS to Bergholz Creek. 
Site 13 is characterized by upland agricultural areas which drain through a sizable scrub forest 
before reaching the sampling site on Baer Road (Fig. 18).  Despite this tributary appearing to be 
well buffered by trees, site 13 had two of the three highest TP concentrations observed over the 
entire study, had the highest ranking TSS concentration on three of the four stream events 
sampled, and possessed the highest TSS concentration during the entire study. Total nitrogen and 
nitrate were also elevated at site 13 especially during the event sampled on 13 October 2011.    
 Site 14 on Shawnee Road drains a portion of the watershed that is nearly entirely in 
agriculture (Fig. 19).   Agricultural practices appear to have resulted in loss of TN and nitrate to 
the tributary at site 14. Site 14 had the highest ranked (elevated) TN concentration on both events 
sampled during October of 2011.  This included a 10.21 mg N/L concentration on 13 October 
2011 which was 37% higher than the next highest TN concentration observed over the entire 
study. Similarly, the nitrate concentration (9.37 mg N/L) during that same event at site 14 was 
70% higher than the second ranked (elevated) nitrate concentration over the entire study period. 
Total suspended solids were also elevated during both events sampled during October of 2011. It 
is recommended that the agricultural operations in these areas of the Bergholz Creek watershed 
undertake some BMPs that primarily focus on the loss of soil and nutrients.  
Site 6 on Niagara Road 
 The site 6 area is on the 
eastern border of the Hamlet of 
Bergholz and is a transition area 
between the urban sprawl that 
characterizes the western 
downstream portion of the 
Bergholz Creek watershed and the 
highly agricultural areas in the 
upper portions of the watershed. 
Niagara Road consists of single 
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family homes inter-dispersed among legacy farming operations.  Site 6 drains a small portion of 
the watershed where legacy farms exist (Fig. 20). Site 6 and eventually Site 6A tributary water 
consistently ranked among the highest in TP, SRP, TN, nitrate, and TSS concentrations observed 
for all of the events sampled;  during event conditions, this area consistently delivered 
exceedingly high concentrations of nutrients and soil to Bergholz Creek. Furthermore, the winter 
wheat field between site 6 and site 6A on the east side of the tributary was identified as the field 
contributing the most nutrients and soil to Bergholz Creek in this area. The legacy farms in this 
area have most likely been in operation for generations and presumably have enriched the soils 
continuously over that period of time. Unfortunately, the erosive forces of overland flow are 
sweeping that soil and nutrients into Bergholz Creek. It is recommended that soil nutrient levels 
be tested and nutrient management plans be developed to take advantage of the nutrients already 
available to crops and to stop any overfertilization that may be occurring.  
 
Site 9 on Lockport Road 
 Site 9 on Lockport Road drains a portion of the Bergholz Creek watershed that is almost 
entirely in agriculture and has been identified as a source of nitrogen to the Creek (Fig. 21). Site 
9 had the highest concentration of nitrate during two of the four events samples (4.48 mg N/L on 
10/20/11 and 3.09 mg N/L on 11/30/11) as well as the highest total nitrogen concentration on 30 
November 2011 at 4.09 mg N/L. The area that site 9 drains includes areas northeast of the 
intersection of Baer Road and Lockport Road (Fig. 21), but no surface stream channel crosses 
Baer Road, presumably due to the use of drain tiles  facilitating the surface flow underground. 
Nutrient management plans, especially ones that mitigate the loss of nitrogen, should be adopted 
by agricultural operations in this area.  
 
Site 7 on Ward Road 
 The area of the Bergholz Creek watershed between site 9 on Lockport Road and site 7 on 
Ward Road is characterized by agricultural land use (Fig. 22). The agricultural area between 
these two sites is a source of TP to Bergholz Creek. Although site 7 never ranked among the 
highest concentrations of TP during events, TP increased an average of 129% from site 9 
downstream to site 7 during the three events where both sites were sampled. The highest 
contribution of this area of the watershed was during the 13 October 2011 event where TP 
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increased from 82.1 µg P/L at site 9 to 358.0 µg P/L at site 7, a 336% increase. Nutrient 
management plans, especially ones that mitigate the loss of phosphorus, should be adopted by 
agricultural operations in this area.  
Site 12 BOCES Entrance on Saunders Settlement Road 
 Site 12 primarily represents runoff from the BOCES campus on Saunders Settlement 
Road that is characterized by large tracts of impervious surfaces (Fig. 23). On the two October 
2011 events, the concentrations of sodium were highest at site 12. Presumably, this is an artifact 
of deicing salt that is utilized during the winter seasons and is dissolved and transported to 
Bergholz Creek during precipitation events. Similarly, some slightly elevated levels of sodium 
were found at Site 10 on Raymond Rd. which is downstream of the NCCC campus (Fig 24).  At 
present, there are no health-based standards for sodium or chloride under the Federal Safe 
Drinking Water Act.  Similarly, there are no formal sodium maximum contaminant levels set for 
sodium in surface water.   Levels over  20 mg/L of sodium in drinking water  are considered 
inappropriate for individuals on a restricted sodium diet.  The overall concern of rising sodium 
levels is the progressive increase of salts  in freshwater bodies over time.  
Urban Sites (Site 1 and Site 2) 
 The urban areas of the watershed are represented by site 1 on Williams Road and site 2 
on Plaza Drive. These sites had consistently elevated sodium concentrations throughout the study 
most likely due to the overuse of deicing salt on urban roads during the winter months. 
Relationship between total suspended solids and total phosphorus 
           In the Bergholz Creek watershed, there is a very strong relationship between TSS and TP. 
Figure 25 shows that as TSS increases so does TP in a statistically significant manner (r2 = 0.78). 
This strong relationship means that if BMPs are implemented to slow down overland flow, 
decrease erosion, and reduce the phosphorus content in that soil, Bergholz Creek will be the 
beneficiary.  
Water Quality Targets  
 Nutrient enrichment from nonpoint source pollution, particularly nitrogen and 
phosphorus, is a primary cause of water quality impairment throughout the United States 
(USEPA 2000b).  New York State has recognized the impact of nutrient pollution of surface 
waters within the state and has developed water quality guidance criteria to reduce these impacts 
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and protect beneficial uses of lakes, streams, and reservoirs (NYSDEC 2011).  Within New York 
State, nearly all freshwater systems are phosphorus-limited rather than nitrogen-limited.  
Nitrogen criteria for the state will only apply when a waterbody is shown to be nitrogen-limited 
(NYSDEC 2011).  As a result, the development of freshwater phosphorus concentration targets 
for stream waters is a priority for New York.   
The existing New York narrative ambient water quality standards for phosphorus and 
nitrogen (6NYCRR 703.2) limit these nutrients to “none in amounts that will result in growths of 
algae, weeds and slimes that will impair the waters for their best usages.”  The current numerical 
guidance value of 20 µg P/L for phosphorus has been established to protect the recreational uses 
of Classes A through B for ponds, lakes, and reservoirs (NYSDEC 2011).  Smith et al. (2007) 
developed a nutrient biotic index based on macroinvertebrate tolerance values for species found 
in watersheds throughout New York State.  Based on macroinvertebrate data, a phosphorus 
concentration target of 65 µg P/L was proposed (Smith et al. 2007).  Phosphorus values above 
this target will likely cause impairment of a stream.  A target of 45 µg P/L is a representative 
median value between the other two targets in New York State: 20 µg P/L and 65 µg P/L 
(USEPA 2003).  Several other U.S. states have designated different numeric P criteria targets for 
streams (100 µg P/L in NJ, NM, AK, ND; 50 µg P/L in UT and IL) and lakes (50 µg P/L in NJ, 
IL, AK; 25 µg P/L in NJ, IL, AK) throughout the state whereas others designate targets for 
specific waterbodies (VT, AL, GA) (USEPA 2003). 
 
Alternate Approaches   
          There is growing interest in New York State in developing TMDLs (Total Maximum 
Daily Loads) for watersheds.   Such an approach, if done properly, allows informed management 
decisions on where to apply management practices that provide the largest improvement to 
stream water quality. We recommend that a Soil  Water and Assessment Tool (SWAT) model 
that utilizes at least one annual cycle of monitored discharge, nutrients and soil loss be used to 
develop a TMDL for each watershed.   Such an approach, if used, is best implemented if the 
users are fully versed in using the model.   Segment analysis serves the purpose of identifying 
actual nutrient and soil sources within a watershed.   
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Nonpoint Sources: How Do Nutrients and Soils Move from the Land to Streams? 
 The quality and quantity of runoff from a watershed into a stream are ultimately 
influenced by the land use and interactions with inhabitants of the watershed. The amount of 
runoff is determined by the amount of excess precipitation, that which neither sinks into the 
ground nor is stored at the surface. Precipitation excess is determined primarily by climate, 
vegetation, infiltration capacity, surface storage, and land use by people. Impervious landscapes 
(e.g., parking lots), removal of wetlands and vegetation in general, storm sewers, blockage of 
streams by debris, etc., all contribute to rapid rises in stream level and potential flooding. Surface 
runoff dissolves constituents, such as the soluble forms of nutrients (phosphate and nitrate) and 
salts (sodium) from the soil and other surfaces it contacts, carrying them to the stream. Runoff 
also scours and erodes the surfaces it flows over, sweeping soil particles containing phosphorus 
and nitrogen from the watershed into the stream. Land use and surface conditions determine, to a 
large degree, the magnitude of the loss of these constituents from the watershed to the stream via 
these processes. For example, a tilled agricultural field that is subjected to surface runoff from 
precipitation or snowmelt will lose a large amount of soil and nutrients to the stream as that 
water flows over the exposed surfaces. Land use and agricultural practices initiated by people 
can and do affect stream water quality and stream discharge. If we can identify the sources of 
pollution, remedial action plans and BMPs can be initiated that mitigate downstream and lake 
effects.  
Best Management Practices (BMPs) 
 BMPs are actions, behaviors, or techniques that reduce pollution and the amount of 
runoff flowing into waterways and that cover a wide range of practices on the land.  Non-
structural BMPs include such practices that minimize site disturbance through sound planning 
and design and include cropping sequence, soil testing, fertilization rates, tillage practices, etc. 
For example, on dairy or livestock farms, soil testing is combined with manure analysis to 
develop manure application plans to make the best use of recyclable manure nutrients.  Structural 
BMPs include construction of manure lagoons, terraces, buffer strips, sediment control basins, 
etc. Contour strip cropping, where alternate strips of land are planted to row crops or sod crops 
perpendicular to the predominant slope, is an example of another structural BMP.  By shortening 
the lengths of slope where water can flow freely (tilled strips), runoff and kinetic energy of water 
are reduced, and soil erosion is minimized. 
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 Identified point and nonpoint sources of nutrients and solids can be remediated using 
BMPs.  Selected BMPs  address the specific needs of each farm.  Whether or not management 
practices include a reduction of cropland or fertilization, control of water movement can be a 
means of significantly reducing nonpoint source pollution. Since water must come in contact 
with the nutrient source and then be transported to the surface (or subsurface) water body, the 
nutrients in water bodies are functions of soil fertility and quantities of transporting water. 
Management practices, which reduce surface runoff, have been shown to dramatically decrease 
the magnitudes of sediment and chemical losses from land areas (Haith 1975). At Conesus Lake, 
construction of retention ponds/gully plugs successfully reduced the loss of soil by a factor 
greater than 70% in the first year (Makarewicz et al. 2009). Curtailment  or limiting of winter 
manuring practices to non-hydrologically sensitive, steep-sloped watersheds also reduced losses 
of nutrients from a watershed (Lewis and Makarewicz 2009).  Construction of buffer strips, 
contour planting, timing of tilling practices, and sediment retention ponds are methods 
successively shown to reduce overland flow of water from affected watersheds.  
 Haith (1975) and the NYSDEC (Morton 1985, 1992) recommend use of buffer strips of 
forest or grass between the pollutant source and a stream to intercept the runoff, resulting in 
removal by deposition or filtering by the vegetative cover. Other cropland management practices 
include diversions, terraces contour cropping, strip cropping, waterways, minimum and no 
tillage. Livestock operation controls include barnyard runoff management, manure storage 
facilities, and livestock exclusion from woodlands. They may also include structural devices 
such as grassed waterways, sediment retention basins, erosion control weirs, and animal waste 
holding tanks.  Best Management Practices are designed to reduce sediment and nutrient 
transport to streams and lakes. They may benefit the farmer in the long term by decreasing fuel 
and fertilizer costs and by improving soil productivity. Furthermore, with the advent of 
Concentrated Animal Feed Operations (CAFO) permits, regulatory control of farms with large 
numbers of animals may be inevitable.  A bibliography containing references for nutrient 
management may be found after the reference section. 
 Introduction of whole-farm planning practices may serve the farming community well. 
Besides soil loss, much of the loss of nutrients in the Bergholz Creek watershed was in the 
dissolved form as nitrate and phosphorus. Information on nutrient management in agriculture 
settings in New York State is reviewed in a recent issue of Northeast Dairy Business and is 
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applicable to other crops. For example, articles titled “Nine Tips to Manage N Better” 
(Cyzmmek 2006) and “How Much P is Enough” (Ketterings and Cyzmmek 2005) provide a 
useful review of nutrient management issues that are applicable to the Bergholz Creek 
watershed. Farmers in western New York have reduced fertilizer usage and successfully 
maintained corn yields while saving money.  
 Also, adoption of whole-farm planning practices has proven to be very successful and 
serves several purposes on farms in a given area. These include:  
1. Maintaining soil fertility by leaving more nutrients and soil on agricultural land;  
2. Reducing the amount of soil and nutrients washed into Bergholz Creek and eventually 
into Lake Ontario. This reduces the overproduction (eutrophication) of downstream 
systems and the aesthetically unappealing blooms of algae and weeds (Makarewicz et al. 
2009, Bosch et al. 2009a and b); and  
3. Potentially increasing an economic return to the farmer. Recent work on dairy farms in 
Conesus Lake has demonstrated that a reduction in nitrate fertilization rates actually 
maintained corn yields and reduced nitrate lost to downstream systems while allowing a 
savings in money to the farmer. Soil testing documented that levels of soil phosphorus 
were more than adequate for maintaining yields (Jacobs 2006a). 
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Table 1. Location of sites sampled on Bergholz Creek in 2011 and 2012. A map depicting the 
site locations is presented as Figure 1.  
 
 
Site Road Location Latitude Longitude 
Site 1 Williams Road 43.09203 -78.94046 
Site 2 Plaza Drive 43.09563 -78.93372 
Site 2A Walmore Road 43.09805 -78.92715 
Site 2B Rohr Road 43.10171 -78.91389 
Site 2B1 Luther Street 43.10170 -78.91033 
Site 2B2 Hunt Street 43.10148 -78.90657 
Site 2B3 Streamside off Niagara Road 43.10078 -78.90244 
Site 2C Niagara Road 43.10405 -78.89190 
Site 4 Niagara Falls Blvd. 43.09733 -78.91947 
Site 5 Sly Road 43.09514 -78.91196 
Site 6 Niagara Road 43.10306 -78.90250 
Site 6A Streamside off Niagara Road 43.10108 -78.90261 
Site 7 Ward Road 43.11104 -78.88991 
Site 8 Ward Road 43.11702 -78.88978 
Site 8A Lockport Road 43.12112 -78.88316 
Site 9 Lockport Road 43.12130 -78.86446 
Site 10 Raymond Road 43.13209 -78.87759 
Site 11 Raymond Road 43.13218 -78.86668 
Site 12 Driveway into BOCES 43.14355 -78.86398 
Site 13 Baer Road 43.15456 -78.85553 
Site 14 Shawnee Road 43.15559 -78.84109 
 
 
28 
 
Table 2. Proficiency audit of the Water Quality Laboratory at The College at Brockport. 
WADSWORTH CENTER 
NEW YORK STATE DEPARTMENT OF HEALTH 
ENVIRONMENTAL LABORATORY APPROVAL PROGRAM 
Proficiency Test Report 
Lab 11439  SUNY BROCKPORT  EPA Lab ID NY01449    Page  1  of  1 
   WATER LAB LENNON HALL 
   BROCKPORT, NY 14420 
   USA 
Shipment: 345 Non Potable Water Chemistry 
Shipment Date:   12-Jul-2011 
 
Analyte    Sample ID  Result  Mean/Target  Acceptance  Limits Method    Score 
Approval Category:  Non Potable Water 
 Sample: Residue 
Solids, Total Suspended  4502   39.9  40.0   31.5 – 48.5                 SM18-20 2540D   Satisfactory 
159 passed out of 169 reported results.            (97)  
 
 Sample: Organic Nutrients 
Kjeldahl Nitrogen, Total  4504   26.58  26.0   17.6 – 34.4  EPA 351.2                    Satisfactory 
62 passed out of 70 reported results.            Rev. 2.0 
 
Phosphorus, Total   4504   2.50  2.48   1.97 - 2.98                   SM18-20 4500-PF  Satisfactory 
81 passed out of 84 reported results. 
 
 Sample: Inorganic Nutrients 
 
Nitrate (as N)   4507   1.11  1.10   0.852 – 1.35  SM18-20 4500-NO3 F Satisfactory 
88 passed out of 89 reported results.            (00) 
 
Orthophosphate (as P)  4507   3.60    4.20   3.44 – 4.95  SM18-20 4500-PF  Satisfactory                   
77 passed out of 79 reported results. 
 
 Sample: Minerals II 
 
Sodium, Total   4537   76.02  72.3   61.6 – 83.1  SM 18-20 3111B  Satisfactory 
62 passed out of 68 reported results.            (99) 
 
Sample: Nitrite 
 
Nitrite as N   4541   3.21  3.35   2.85 – 3.85           SM 18-20 4500-NO2 B Satisfactory 
79 passed out of 83 reported results. 
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Table 3. Physical parameters for segment analysis samples taken from Bergholz Creek. 
 
Site Road Date 
Temperature 
(°C) 
Specific 
Conductance 
(µS/cm) pH 
Dissolved 
Oxygen 
(mg/L) 
Site 1 Williams Road 6/21/2011 20.28 860 7.41 3.6 
Site 2 Plaza Drive 6/21/2011 20.21 943 7.68 7.2 
Site 4 Niagara Falls Blvd. 6/21/2011 DRY DRY DRY DRY 
Site 5 Sly Road 6/21/2011 DRY DRY DRY DRY 
Site 6 Niagara Road 6/21/2011 18.95 692 7.65 7.9 
Site 7 Ward Road 6/21/2011 21.77 1029 7.38 6.1 
Site 8 Ward Road 6/21/2011 20.17 1089 7.70 6.8 
Site 9 Lockport Road 6/21/2011 24.52 719 7.43 6.8 
Site 10 Raymond Road 6/21/2011 22.75 1398 7.38 8.0 
Site 11 Raymond Road 6/21/2011 20.54 583 7.31 8.4 
Site 12 Driveway into BOCES 6/21/2011 DRY DRY DRY DRY 
Site 13 Baer Road 6/21/2011 DRY DRY DRY DRY 
Site 14 Shawnee Road 6/21/2011 DRY DRY DRY DRY 
              
Site 1 Williams Road 10/13/2011 15.70 904 7.51 2.3 
Site 2 Plaza Drive 10/13/2011 15.76 917 7.57 3.8 
Site 4 Niagara Falls Blvd. 10/13/2011 16.26 628 7.26 4.7 
Site 5 Sly Road 10/13/2011 17.45 558 7.57 7.3 
Site 6 Niagara Road 10/13/2011 14.56 518 7.47 6.2 
Site 7 Ward Road 10/13/2011 14.92 486 7.44 6.6 
Site 8 Ward Road 10/13/2011 15.35 246 7.50 6.0 
Site 9 Lockport Road 10/13/2011 16.24 648 7.59 6.8 
Site 10 Raymond Road 10/13/2011 16.30 587 7.56 6.0 
Site 11 Raymond Road 10/13/2011 14.47 736 7.46 5.8 
Site 12 Driveway into BOCES 10/13/2011 15.73 1112 7.33 5.3 
Site 13 Baer Road 10/13/2011 14.64 266 6.67 5.4 
Site 14 Shawnee Road 10/13/2011 14.28 471 6.95 3.7 
              
Site 1 Williams Road 10/20/2011 11.83 627 7.49 6.4 
Site 2 Plaza Drive 10/20/2011 11.74 564 7.49 6.9 
Site 2A Walmore Road 10/20/2011 11.71 513 7.52 7.2 
Site 2B Rohr Road 10/20/2011 11.60 463 7.51 7.4 
Site 2C Niagara Road 10/20/2011 11.52 476 7.51 7.6 
Site 4 Niagara Falls Blvd. 10/20/2011 12.12 594 7.25 4.6 
Site 5 Sly Road 10/20/2011 12.38 564 7.46 7.0 
Site 6 Niagara Road 10/20/2011 11.36 445 7.36 7.0 
Site 7 Ward Road 10/20/2011 11.36 303 7.36 8.0 
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Table 3 Continued. 
 
Site Road Date 
Temperature 
(°C) 
Specific 
Conductance 
(µS/cm) pH 
Dissolved 
Oxygen 
(mg/L) 
Site 8 Ward Road 10/20/2011 11.65 546 7.49 7.2 
Site 8A Lockport Road 10/20/2011 11.62 490 7.50 7.3 
Site 9 Lockport Road 10/20/2011 11.70 418 7.26 6.9 
Site 10 Raymond Road 10/20/2011 11.89 454 7.54 7.9 
Site 11 Raymond Road 10/20/2011 11.64 679 7.47 6.8 
Site 12 Driveway into BOCES 10/20/2011 12.44 782 7.25 7.3 
Site 13 Baer Road 10/20/2011 11.46 184 6.82 7.4 
Site 14 Shawnee Road 10/20/2011 11.62 313 6.65 6.2 
              
Site 1 Williams Road 11/30/2011 6.76 329 7.43 8.8 
Site 2 Plaza Drive 11/30/2011 6.81 322 7.54 9.2 
Site 2A Walmore Road 11/30/2011 6.78 324 7.56 9.3 
Site 2B Rohr Road 11/30/2011 6.73 327 7.55 9.2 
Site 2B1 Luther Street 11/30/2011 6.68 328 7.53 9.2 
Site 2B2 Hunt Street 11/30/2011 6.63 330 7.53 9.2 
Site 2C Niagara Road 11/30/2011 6.58 344 7.48 9.4 
Site 6 Niagara Road 11/30/2011 6.72 350 7.43 8.9 
Site 7 Ward Road 11/30/2011 6.21 289 7.46 9.6 
Site 8 Ward Road 11/30/2011 6.56 362 7.43 9.2 
Site 8A Lockport Road 11/30/2011 6.23 373 7.45 9.1 
Site 9 Lockport Road 11/30/2011 7.39 368 7.31 8.4 
Site 10 Raymond Road 11/30/2011 6.46 656 7.71 9.7 
Site 11 Raymond Road 11/30/2011 6.25 287 7.25 8.8 
Site 13 Baer Road 11/30/2011 5.54 200 6.77 5.9 
Site 14 Shawnee Road 11/30/2011 5.68 242 7.08 8.3 
              
Site 1 Williams Road 1/12/2012 4.13 553 7.80 10.0 
Site 2A Walmore Road 1/12/2012 4.23 499 7.74 10.4 
Site 2B2 Hunt Street 1/12/2012 4.13 502 7.70 10.5 
Site 2B3 Streamside off Niagara Rd 1/12/2012 3.84 531 7.67 10.5 
Site 2C Niagara Road 1/12/2012 4.17 527 7.74 9.7 
Site 6 Niagara Road 1/12/2012 6.66 282 6.76 9.8 
Site 6A Streamside off Niagara Rd 1/12/2012 4.77 328 7.52 10.0 
Site 8A Lockport Road 1/12/2012 7.59 624 7.72 9.3 
Site 13 Baer Road 1/12/2012 3.91 181 7.20 9.4 
Site 14 Shawnee Road 1/12/2012 3.97 253 7.34 10.0 
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Table 4. Water chemistry concentrations for segment analysis samples taken from Bergholz 
Creek. TP = total phosphorus, SRP = soluble reactive phosphorus, TN = total nitrogen, TSS = 
total suspended solids and N.D. = non-detectable.  M=Main Stem. T=Tributary. 
 
Site Date 
Collected 
TP 
(µg P/L) 
SRP 
(µg P/L) 
TN 
(mg N/L) 
Nitrate 
(mg N/L) 
TSS 
(mg/L) 
Sodium 
(mg/L) 
Site 1 (M) 6/21/2011 159.2 90.0 1.08 0.16 25.6 50.65 
Site 2 (M) 6/21/2011 126.7 88.1 0.79 0.23 27.9 54.77 
Site 6 (T) 6/21/2011 54.9 23.5 1.00 0.55 17.4 12.98 
Site 7 (T) 6/21/2011 63.0 27.1 1.19 0.28 8.8 30.72 
Site 8 (M) 6/21/2011 86.2 24.6 0.94 0.38 57.4 72.39 
Site 9 (T) 6/21/2011 68.7 2.5 3.31 3.01 28.0 22.37 
Site 10 (T) 6/21/2011 65.6 42.7 0.99 0.40 14.0 156.60 
Site 11 (M) 6/21/2011 38.8 14.1 2.17 1.94 4.9 25.44 
                
Site 1 (M) 10/13/2011 208.9 193.8 2.25 0.62 22.2 62.55 
Site 2 (M) 10/13/2011 622.5 451.0 3.24 1.61 49.3 59.11 
Site 4 (T) 10/13/2011 313.7 259.8 1.26 0.04 10.0 34.92 
Site 5 (T) 10/13/2011 116.5 68.1 0.86 0.05 11.4 28.96 
Site 6 (T) 10/13/2011 397.9 116.0 7.44 5.51 65.0 9.19 
Site 7 (T) 10/13/2011 358.0 158.3 2.61 1.20 49.0 28.14 
Site 8 (M) 10/13/2011 201.0 76.5 2.43 1.45 38.0 41.11 
Site 9 (T) 10/13/2011 82.1 3.4 2.26 1.45 30.5 24.91 
Site 10 (T) 10/13/2011 141.6 56.0 2.00 0.95 18.5 52.24 
Site 11 (M) 10/13/2011 142.3 60.5 3.12 2.18 17.5 56.84 
Site 12 (T) 10/13/2011 93.4 20.5 1.01 N.D. 19.8 138.36 
Site 13 (T) 10/13/2011 847.4 59.1 5.82 4.13 160.5 12.49 
Site 14 (T) 10/13/2011 292.7 70.5 10.21 9.37 52.7 19.89 
                
Site 1 10/20/2011 533.3 279.2 3.82 1.57 101.0 36.71 
Site 2 10/20/2011 594.3 234.0 4.01 1.63 145.0 33.38 
Site 2A 10/20/2011 628.5 234.0 4.11 1.71 167.5 30.99 
Site 2B 10/20/2011 583.9 193.0 3.90 1.60 168.5 24.97 
Site 2C 10/20/2011 393.4 165.9 3.80 1.68 100.0 27.90 
Site 4 10/20/2011 266.9 84.7 1.70 0.12 9.8 30.50 
Site 5 10/20/2011 64.5 57.3 1.59 0.34 10.8 29.26 
Site 6 10/20/2011 658.3 319.2 5.99 3.05 132.0 9.16 
Site 7 10/20/2011 494.6 157.9 3.12 0.32 127.5 13.28 
Site 8 10/20/2011 286.3 96.4 4.12 2.35 91.5 36.94 
Site 8A 10/20/2011 252.0 86.8 3.60 1.92 78.8 33.88 
Site 9 10/20/2011 357.7 239.3 6.60 4.48 136.5 17.17 
Site 10 10/20/2011 147.9 71.8 2.21 1.34 36.2 36.58 
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Table 4. Continued. 
 
Site Date 
Collected 
TP 
(µg P/L) 
SRP 
(µg P/L) 
TN 
(mg N/L) 
Nitrate 
(mg N/L) 
TSS 
(mg/L) 
Sodium 
(mg/L) 
Site 11 10/20/2011 176.1 89.6 3.98 2.36 49.5 61.00 
Site 12 10/20/2011 43.7 41.7 1.58 0.04 6.2 90.31 
Site 13 10/20/2011 1089.8 88.3 4.60 2.16 322.0 9.72 
Site 14 10/20/2011 515.4 92.5 6.87 4.31 175.6 12.85 
                
Site 1 11/30/2011 446.4 113.9 2.49 0.99 112.0 15.93 
Site 2 11/30/2011 476.1 131.7 2.70 1.11 114.5 14.90 
Site 2A 11/30/2011 473.1 103.6 2.73 1.06 121.0 15.09 
Site 2B 11/30/2011 471.7 93.0 2.70 1.11 117.0 16.03 
Site 2B1 11/30/2011 473.1 100.1 2.80 1.09 114.0 16.16 
Site 2B2 11/30/2011 477.6 101.1 2.85 1.09 109.0 14.98 
Site 2C 11/30/2011 403.4 83.3 2.72 1.08 99.5 16.20 
Site 6 11/30/2011 471.7 103.2 3.70 2.22 101.5 1.91 
Site 7 11/30/2011 406.4 51.8 2.79 1.25 118.5 7.79 
Site 8 11/30/2011 342.6 68.5 2.50 1.05 98.0 19.43 
Site 8A 11/30/2011 351.5 71.3 2.57 1.07 85.0 59.73 
Site 9 11/30/2011 353.0 36.0 4.09 3.09 113.0 7.09 
Site 10 11/30/2011 157.2 53.8 1.65 1.10 38.3 54.53 
Site 11 11/30/2011 321.8 52.8 2.64 1.10 88.0 12.40 
Site 13 11/30/2011 464.2 35.5 2.22 0.50 121.0 5.09 
Site 14 11/30/2011 249.1 31.2 3.61 2.05 55.0 5.22 
                
Site 1 1/12/2012 742.2 209.4 2.75 1.02 190.0 38.93 
Site 2A 1/12/2012 722.1 180.5 2.84 0.08 217.3 33.37 
Site 2B2 1/12/2012 726.7 168.3 2.58 0.67 212.0 37.41 
Site 2B3 1/12/2012 606.4 117.9 2.09 0.77 250.7 42.68 
Site 2C 1/12/2012 452.1 102.1 1.96 0.88 194.7 45.89 
Site 6 1/12/2012 745.2 83.8 3.39 1.55 302.0 8.14 
Site 6A 1/12/2012 1530.6 488.8 4.91 0.02 304.7 9.01 
Site 8A 1/12/2012 329.4 75.1 1.99 0.88 140.7 63.00 
Site 13 1/12/2012 766.8 57.5 2.43 0.91 227.3 9.21 
Site 14 1/12/2012 358.0 39.6 2.16 0.77 140.7 13.40 
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Figure 1. Map of the Bergholz Creek watershed depicting all 2011 and 2012 sampling sites.   
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Figure 2. Map of the Bergholz Creek watershed depicting the locations of identified sources of nutrients and soil. TP = total 
phosphorus, SRP = soluble reactive phosphorus, TN = total nitrogen, NO3 = nitrate, TSS = total suspended solids. 
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Figure 3. Total phosphorus  (TP) and soluble reactive phosphorus (SRP) concentrations in 
Bergholz Creek on 21 June 2011. 
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Figure 4. Total nitrogen (TN) and nitrate concentrations for Bergholz Creek on 21 June 2011. 
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 Figure 5. Total suspended solids (TSS) and sodium concentrations for Bergholz Creek on 21 
June 2011. 
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 Figure 6. Total phosphorus (TP) and soluble reactive phosphorus (SRP) concentrations in 
Bergholz Creek on 13 October 2011. 
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 Figure 7. Total nitrogen (TN) and nitrate concentrations in Bergholz Creek on 13 October 2011.
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 Figure 8. Total suspended solids (TSS) and sodium concentrations in Bergholz Creek on 13 
October 2011. 
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 Figure 9. Total phosphorus (TP) and soluble reactive phosphorus (SRP) concentrations in 
Bergholz Creek on 20 October 2011.
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 Figure 10. Total nitrogen (TN) and nitrate concentrations in Bergholz Creek on 20 October 
2011.
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 Figure 11. Total suspended solids (TSS) and sodium concentrations in Bergholz Creek on 20 
October 2011. 
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 Figure 12. Total phosphorus (TP) and soluble reactive phosphorus (SRP) concentrations in 
Bergholz Creek on 30 November 2011.
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 Figure 13. Total nitrogen (TN) and nitrate concentrations in Bergholz Creek on 30 November 
2011.
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 Figure 14. Total suspended solids (TSS)  and sodium concentrations in Bergholz Creek on 30 
November 2011. 
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 Figure 15. Total phosphorus (TP) and soluble reactive phosphorus (SRP) concentrations in 
Bergholz Creek on 12 January 2012.
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 Figure 16. Total nitrogen (TN) and nitrate concentrations in Bergholz Creek on 12 January 
2012.
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 Figure 17. Total suspended solids (TSS) and sodium concentrations in Bergholz Creek on 12 
January 2012.
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Figure 18. Orthoimagery of the site 13 area of Baer Road.  
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Figure 19. Orthoimagery of the site 14 area of Shawnee Road.  
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Figure 20. Orthoimagery of the site 6 area of Niagara Road.  
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Figure 21. Orthoimagery of the site 9 area of Lockport Road.  
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Figure 22. Orthoimagery of the site 7 area of Ward Road.  
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Figure 23. Orthoimagery of the site 12 area of Saunders Settlement Road and the BOCES campus.  
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Figure 24 Orthoimagery of the site 10 area of Bergholz Creek and the NCCC campus.  
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Figure 25. The relationship between total suspended solids and total phosphorus for all samples 
analyzed in the Bergholz Creek watershed.  
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